Acute right lower quadrant pain is a common emergency department presentation. Medical imaging has a main role to rule out appendicitis. Distinguishing between appendicitis and the other two major appendix pathologies, mucocele and carcinoid tumors, is not easy, but it is important for medical and surgical management planning. Appendix mobility is not usually assessed during sonography, but is it helpful? When comparing sonography and computerized tomography with histopathology findings to distinguish appendiceal pathologies, appendix mobility was found to be a key component. Appendix diameter, wall thickness, hyperemia, and surrounding echogenic fat are signs of an inflammatory process that will fix the appendix. Appendiceal carcinoids and mucoceles, on the other hand, will not initially have an inflammatory component for years, and thus patients present with only mild recurrent vague abdominal pain, normal blood work, and mild or borderline imaging findings. Sonography should be the first-choice medical imaging modality to rule out appendiceal pathologies because appendix mobility should be assessed and reported.
Primary appendiceal malignancy accounts for about 0.5% of all intestinal tumors. 1 It is rarely diagnosed preoperatively or perioperatively, which may lead to the need for further surgical interventions. 2 The main types of appendiceal neoplasm are carcinoid, neuroendocrine tumor (NET), and the rare primary adenocarcinoma. Carcinoids arise from enterochromaffin cells (glandular endocrine hormone-producing cells) widely distributed in the body but found in greatest amounts in the small intestine, accounting for 50% of small intestinal tumors, 35% to 60% of appendiceal tumors, and 35% of appendiceal malignancies. Metastasis is rare and slow and is commonly by direct invasion to surrounding tissues and regional and para-aortic lymph nodes. Tumors ≥2 cm have a 50% risk of metastasis. 3 Mucocele of the appendix is a clinical term referring to a dilated appendix containing abundant mucin and usually found incidentally during sonography or computed tomography (CT). 4 The abnormal accumulation of mucin may be due to mucosal hyperplasia, mucinous adenoma, or mucinous adenocarcinoma. This is differentiated by histopathology and cannot be determined by medical imaging examinations. Preoperative diagnosis of mucocele of the appendix is crucial to avoid rupture during surgery. 2, 5 In both cases, patients present with nonspecific mild abdominal pain initially and, when inflammation starts after a long time, mild signs and symptoms of acute appendicitis.
This case study of appendiceal carcinoid tumor with a mucocele demonstrates the distinctive imaging findings of these three main appendiceal pathologies.
Case Study
A woman in her late 20s presented to the emergency department (ED) with a complaint of vague intermittent epigastric pain for four days. The patient had no history of bowel complaints, fever, nausea, or vomiting. On examination, the patient was relaxed; physical examination revealed no abdominal tenderness or fever. Blood work was within normal limits, including the white cell count.
Sonography Findings
Complete abdominal sonography was performed using a portable SonoSite TurboMaxx sonography machine from SonoSite, Inc. (Bothell, Washington) with both 5-MHz concave and 8-MHz linear-array transducers applying the compression technique. On sonography of the right lower quadrant, there was a hypoechoic blind tubular structure noted connecting to the medial wall of the cecum below the ileocecal junction identified as the appendix. It consisted of three distinctive segments. The proximal segment closest to the appendiceal base had a 1.1-cm solid, nonshadowing hypoechoic structure with a hyperechoic rim component ( Figure 1 ) and peripheral calcifications ( Figure 2 ). Adjacent to this solid component peripherally was a 1-cm hypoechoic complex segment consisting of low-level internal echoes with posterior acoustic enhancement and an avascular hyperechoic solid component ( Figure 3 ).
Beyond this area, a normal-appearing compressible 0.3-cm wide appendix was seen at the distal tip segment ( Figure 4 ).
The whole appendix was mobile and surrounded by minimal echogenic fat. Compression with the probe over this lesion produced only mild discomfort. There was no evidence of ascites or fluid collection near the appendix. Color Doppler showed no significant hyperemia ( Figure 5 ).
The liver, gallbladder, spleen, both kidneys, and the para-aortic region appeared unremarkable.
CT Findings
Subsequent CT scan of the patient ( Figure 6 ) was done with oral and intravenous contrast. The CT revealed an enlarged appendix up to 14 mm with an appendicolith of 1.1 cm in diameter at the tip of the appendix. There was moderately increased vascularity. No free fluid or evidence of perforation or abscess was seen. Periappendiceal inflammatory changes were not visualized. Table 1 lists the differential diagnosis for the abovementioned imaging findings. It is always difficult to diagnose patients presenting with ongoing on and off mild signs and symptoms. Another important point to consider is that early appendicitis starts focally at the tip or the base and progresses to involve the whole appendix over a short time. In such cases, patients do not have a long history of mild clinical presentation and get worse over time. A diagnosis of acute/subacute uncomplicated appendicitis was made based on the clinical and medical imaging findings, and the patient was referred to surgery.
Clinical Decision Making

Histopathology Findings
The patient was operated on laparoscopically for uncomplicated appendectomy, and the removed appendix was sent to pathology.
Gross examination of the 7.2-cm-long appendix specimen revealed a dilatation of the appendix from the midsection extending to close to the tip. Longitudinal section of the appendix showed a cystic lesion measuring 1.0 cm in diameter containing abundant mucin reaching almost to the tip. The distal region of this mucinous cyst showed a pale solid lesion, 1.5 cm at its maximum dimension, and occluding the lumen distally.
Histopathological examination of the lesion in the midsection of the appendix revealed a well-differentiated neuroendocrine tumor (carcinoid) of 1.5 cm in maximal diameter extending into mesoappendix fat with an adjacent mucinous, slightly calcified 0. 
Follow-Up
On the basis of the histopathology findings of a 1.5-cm carcinoid tumor with adjacent mesoappendix fat involvement, the discharged patient was called back and counseled for a much more extensive surgery consisting of right hemicolectomy along with the extraction of the attached mesentery and regional lymph nodes. The patient consented, and surgery was performed.
Discussion
Appendiceal carcinoids are thought to arise from subepithelial endocrine cells present in the lamina propria and submucosa of the appendix wall. They are most often diagnosed in the fourth or fifth decade of life. 6 They take years to grow, and 80% are less than 1 cm in size when diagnosed.
Thus, the diagnosis is usually not made preoperatively by medical imaging examination. Conventional appendectomy appears to be adequate surgical treatment for most NETs less than 2 cm in size. Right hemicolectomy is recommended for tumors: (1) larger than 2 cm; (2) showing serosal, vascular, or mesoappendiceal invasion; and (3) with a high proliferation index. 3, 7 Mucocele of the appendix is also rare, discovered in only 0.3% of appendectomies. Mucoceles from either benign or malignant mucinous neoplasms represent the majority of appendiceal tumors detected at imaging but are the least likely to manifest as appendicitis. Preoperative diagnosis is important to avoid rupture of the mucocele during surgery, which may lead to pseudomyxoma peritonei. 7, 8 
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Sonography is one of the most sensitive modalities to distinguish between appendicitis, mucocele, and carcinoid of the appendix. On sonography, a normal appendix is less than 6 mm in diameter, compressible, oval, and mobile, and it shows gut wall signature appearance and no surrounding inflammatory changes. 9 An inflamed appendix, on the other hand, will appear enlarged, round, noncompressible, hyperemic, and with surrounding echogenic fat. The appendix wall is thickened initially and stays thick in nonobstructive appendicitis. When the lumen is obstructed by a shadowing fecolith or tumor, fluid accumulates in the lumen, stretching the wall thin. The tense fluid-filled lumen with a thin appendiceal wall in obstructive appendicitis is a sign of an imminent possibility of appendiceal rupture. Adjacent free fluid can be simple, reactive, or complex, which is associated with appendiceal perforation. Due to the inflammatory process around the appendix, the appendix is nonmobile.
Carcinoid of the appendix appears as a mobile enlarged appendiceal segment with a hyperechoic nonshadowing solid vascular center and no adjacent inflammatory changes. Carcinoids are usually close to the tip of the appendix. The rare tubular variant of appendiceal carcinoid appears at focal or diffuse wall thickening. 8 Mucocele appears as a mobile, enlarged, hypoechoic to slightly complex thin-walled, pear-shaped cystic structure with low-level internal echoes and posterior acoustic enhancement. Curvilinear mural calcification is highly suggestive of mucoceles but is seen in less than 50% of cases. 8 Complex irregular mucoceles are associated with malignancy. 7, 8 However, mucocele is difficult to diagnose from imaging alone as it looks similar to a fluid-filled, thin-walled enlarged appendicitis resulting from luminal fecolith obstruction but at least can be suspicious, especially if no obstructing fecolith is seen. Unlike appendicitis, the appendix with mucocele is mobile, not hyperemic, with no significant surrounding echogenic fat and not or minimally tender to compression technique. CT is helpful to distinguish large mucoceles from other right lower quadrant and pelvic pathologies. 8 CT cannot usually distinguish small appendiceal masses as findings can be identical, consisting of inflammation and soft tissue thickening of the appendix and adjacent fat, but it is useful for evaluating possible metastasis and confirming the diagnosis. On CT, the normal appendix appears as a tubular structure with thin walls and less than 6 mm in diameter. A mucocele of the appendix appears as a lowattenuated, well-defined mass in the right lower quadrant adjacent to the cecum. The CT may also demonstrate mass effect. A key differential point is the lack of appendiceal inflammation. This helps to distinguish carcinoids and mucoceles from acute appendicitis.
Both carcinoid and mucocele of the appendix can be complicated by appendicitis, especially if it obstructs the lumen, making preoperative diagnosis difficult. 8 Table 2 provides a comparison between histopathology, sonography, and CT findings.
Conclusion
Differentiating carcinoids and mucoceles of the appendix from appendicitis is a diagnostic imaging challenge. Sonography is the most useful medical imaging modality to differentiate between them because of its higher imaging resolution and real-time assessment of appendix mobility and tenderness. The known limitation of abdominal gas, body fat, and operator experience should not hinder the use of sonography as the first-choice medical imaging modality. Shadowing echogenic components within a solid mass should not be mistaken for a luminal calcified fecolith. Mild clinical presentation in the presence of marked appendix imaging abnormalities with no or limited surrounding inflammatory changes favors carcinoids or mucoceles.
To minimize operator and reporter dependability, a systematic approach to the sonographic study of the appendix is suggested. Table 3 lists 13 sonographic distinguishing features to look for, document, and report during the sonography study of the appendix. It is important to distinguish carcinoids and mucoceles from appendicitis for surgical planning. 
